ABSTRACT. Our aim was to investigate the amount of digging work (cratering) done by semi-domesticated reindeer (Rangifer t. tarandus) in woodland lichen pasture and the effect of snow and pasture conditions on the body condition of female reindeer. From 17 February until 21 April 2001, eight barren reindeer females were allowed to graze freely in a fenced area (20 ha). Measurements before the study showed the amount of lichens within the fenced area to average 632 kg DM/ha in dry pine forest. Inside the fenced area, there was 31.1 cm of relatively soft snow in February and 41.8 cm in April. Observations showed that in February the reindeer spent 39.8% of the time digging and grazing and 1.0% foraging arboreal lichens. In April, they spent 29.8% of the time digging and grazing and 5.2% foraging arboreal lichens. During cratering, reindeer foraged (dug and picked food) with a certain repeated rhythm, using both front feet equally. The size of the grazed area and the volume of snow removed from a single crater were dependent on the total foraging time per crater. The mean body mass of the reindeer was 67.1 ± 2.67 kg in mid-February and 64.9 ± 2.98 kg in late April. It was calculated that in February one reindeer dug and grazed 75.6 m 2 per day, and the mean change in reindeer body mass was actually +39 g per day. In April the corresponding figures for one reindeer were 60.1 m 2 and -27 g per day. In the snow and pasture conditions prevailing during this study, the reindeer were able to get enough food and thereby energy to preserve their body condition well.
INTRODUCTION
Although caribou and reindeer expend one-third less total energy in winter than in summer, some winter activities nevertheless consume a lot of energy (Boertje, 1985; Adamczewski et al., 1993) . Digging through a hard, compacted snow layer can demand over four times as much energy per stroke as digging through soft snow (Fancy and White, 1985) . Locomotion in soft snow also increases energy expenditure (Fancy and White, 1987) . Nevertheless, the body structure and digging technique of reindeer and caribou have both evolved to help save energy (Thing, 1977; Fancy and White, 1985) . In particular, the size and structure of the front feet facilitate effective and fast sweeping of snow from a crater (Thing, 1977) .
Body reserves can supply only 15 -20% of the caribou's energy requirements in winter (Adamczewski et al., 1993) . The remaining energy requirements of both reindeer and caribou are obtained from their forage. The amount and structure of snow affect foraging behaviour of reindeer and caribou (Skogland, 1978; Helle, 1979; Rominger et al., 1996; Kumpula, 2001) . In winter, when the snow is soft and shallow, they both forage terrestrial lichens (Cladonia spp.) and other terrestrial plants such as sedges, dwarf shrubs, and grasses. When the snow is hard and deep, they may shift their preference to arboreal lichens (Alectoria spp., Bryoria spp.) depending on availability (Helle, 1979; Helle and Tarvainen, 1984; Johnson et al., 2000 Johnson et al., , 2001 Poole et al., 2000) . The smaller the supply of Cladonia lichens in pasture, the easier the snow conditions that cause reindeer to shift their diet to arboreal lichens (Helle and Tarvainen, 1984) . For many caribou, however, foraging for terrestrial or arboreal lichens does not represent their choice between alternative food sources: they simply have to use what is available. For example, some northern caribou populations forage terrestrial lichens when in alpine areas, but when in forests, they almost certainly feed on arboreal lichens (Poole et al., 2000) .
When feeding in hard snow, reindeer and caribou usually prefer the shallowest places to dig (Adamczewski et al., 1988; Collins and Smith, 1991; Larter and Nagy, 2001) . In late winter, reindeer also prefer rugged terrain types (Nellemann, 1996) since such areas have lesser snow accumulation and removing snow from a crater is easier on a ridge than in a flat area. However, if there are enough lichens and other food plants, reindeer will also dig in hard, deep snow (Helle, 1984) .
Although digging work (cratering) is an essential part of reindeer foraging behaviour in winter, relatively few studies have been made on the subject. In this work, one of our interests was to show how much digging work reindeer have to do under various pasture and snow conditions. We also monitored the effects of snow and pasture conditions on the body condition of reindeer. These questions could also be important for practical reindeer herding, for example, when estimating the area of pasture required per reindeer.
MATERIAL AND METHODS
From 17 February until 21 April 2001, eight barren female reindeer were allowed to graze freely in the fenced area (20 ha) of the reindeer research station in the Finnish Game and Fisheries Research Institute in Kaamanen, Lapland. The fenced area comprised two-thirds dry pine forest and one-third submesic pine forest and mire. Barren females were selected for the study because the total body mass changes of nonpregnant females better represent changes in the real body condition than do those of pregnant females, whose body mass change in winter is complicated by the development of the foetus. Before the study, the pregnancy status of females was checked by ultrasonic camera.
The reindeer research station (69˚03'50" N, 27˚06' 36" E) is located in the northern boreal zone of Europe, and dry pine forests characterize the area. The terrain near the research station is 145 -160 m above sea level. The coldest month is January (average temperature -14.3˚C) and the warmest one July (average temperature +13.7˚C). In March there is about 67 cm of snow (Finnish Meteorological Institute, 2003a, b, c) . The early winter of 2000 -01 was relatively mild, with exceptionally little snow in December: only 20 cm in the study area. The midwinter period was a little colder than usual, but there was still only 55 cm of snow in March, when there is usually at least 65 cm. The late winter was mild again, with little snowfall (Finnish Meteorological Institute, 2000 , 2001a .
An average amount of lichens in dry pine forest in the previous autumn was estimated on the basis of 470 vegetation squares. First, 30 stakes were randomly placed in dry pine forest. At a distance of 2 m from each stake, we marked the centres of four vegetation squares (size 0.25 m 2 ) at the four main compass points. However, if a square contained any large rocks, trees or tree stumps, it was not used in the study. In each square, we estimated the average coverage and height of the lichen stand formed by the four most important lichens (Cladina stellaris, C. mitis, C. rangiferina, and Cladonia uncialis). The dry matter biomass of lichens in each square was then calculated on the basis of their coverage and height, using the formula of Kumpula et al. (2000) .
Digging work, foraging, and activity of reindeer were studied in two separate periods, 17 -28 February and 2 -21 April 2001. (Between these periods reindeer were also allowed to graze freely on pasture.) These observation periods covered all daylight hours from dawn to dusk, about 8 hours in February and 15 hours 30 minutes in April. Activity of reindeer was scanned by selecting an individual reindeer at random for detailed observation over a 15-minute period (sometimes a 15-minute scanning period was not filled because the scanned reindeer was lost in the forest). During each 15-minute period, the behaviour of the individual was recorded every 15 seconds. Total scanning time was 21 hours 25 minutes in February (during 9 days) and 31 hours 52 minutes in April (during 6 days). Thus the study reindeer were scanned for 17.8 minutes per daylight hour in February and 20.6 minutes per daylight hour in April. This difference resulted from harsh weather conditions in February (sometimes temperatures fell under -35˚C), which made fieldwork more difficult than in April. However, it probably has little effect on the results. The cratering of reindeer was also measured and observed separately during both observation periods. After opening a crater, the reindeer dug in a certain cyclic rhythm, repeatedly alternating between pawing and picking food from the crater. For each foraging cycle, we measured the length of time (from start point of pawing to end point of food picking), counted the number of pawings, and identified the front foot used in the digging work.
When a reindeer was seen to start opening a new crater, the total time of making and grazing this single crater was measured. This was done 19 times in February and 16 times in April. Width, length, and depth of the grazing area in each crater were measured and the size of the grazed area calculated. The body mass of each reindeer was recorded at the beginning and end of both grazing periods. In addition, at the beginning of each grazing period, snow depth (cm), snow density (g/dm 2 ), and hardness (g/cm 2 ) of the hardest snow layer on the pasture were measured using special instruments.
In order to carry out these measurements, we marked 16 snow measurement sites at 20 m intervals along a straight line through the middle of the dry pine forest inside the fenced area. For density measurements, a tube with a diameter of 10.1 cm was pushed vertically through the whole snow layer and a core of snow was removed. The weight and height of this snow core were then measured and its volume was calculated. The density of each snow sample was then calculated from its volume and weight. To measure snow hardness, we used a special instrument with round flappers of different sizes and a spring for measuring the force against a certain flapper that is pushed against a snow layer. The vertical hardness (g/cm 2 ) of the hardest snow layer in the snowpack was calculated on the basis of the size of the flapper used and the force needed to break the layer.
The t-test was used to analyze differences in several variables between the two grazing periods. The difference in body mass of female reindeer between the beginning and end of the grazing experiment was analyzed by the paired t-test. Differences in the distribution of activity percentages between the two grazing periods were analyzed by the chi-square test. The chi-square test was also used to see if the reindeer preferred to use one or the other front foot for digging. Finally, we analyzed the dependence of grazing area and snow volume removed from a crater on total foraging time (digging and grazing) used per crater, using the nonlinear regression model.
On the basis of these results, we estimated the total digging and grazing area per reindeer per 24 hours. We had to assume that reindeer dug and rested during the dark period in the same way as they did in daylight. This assumption may not be fully correct, but it is based on the fact that the dark period in midwinter is very long, and coldness probably forces reindeer to follow nearly the same foraging rhythm during the whole 24 hours as they do in daylight. In April, on the contrary, the dark period is much shorter and may not affect the total daily foraging rhythm very much. However, first we calculated the total digging and grazing time per 24 hours as a percentage of daytime activity in both of the grazing periods. Second, we calculated the time used to dig and graze an average crater from the dependency found between digging and grazing time and crater size. Then we divided the total digging and grazing time per 24 hours by the time needed to dig and graze one average crater in each period. To calculate the total area cratered by one reindeer in 24 hours in each period, we multiplied this figure by the average crater size in that period.
RESULTS
Measurements showed that the snow conditions were relatively easy for the reindeer throughout the 2000 -01 winter, although significantly more difficult in April than in February. Average snow depth on the lichen pasture inside the fence was 31.1 cm (SD = 3.97, n = 16) in midFebruary and 41.8 cm (SD = 6.29, n = 16) in early April (t = -5.80, df = 25.3, p < 0.001). Average snow density was 159 g/dm 2 (SD = 20.8, n = 16) in mid-February and 239 g/dm 2 (SD = 21.3, n = 16) in early April (t = -10.76, df = 30, p < 0.001). Snow hardness in the hardest snow layer was 1062 g/cm 2 (SD = 503.2, n = 16) in mid-February and 1519 g/cm 2 (SD = 791.6) in early April (t = -1.95, df = 25.4, p = 0.063).
The daytime activity of reindeer varied significantly between February and April (χ 2 = 13.44, df = 4, p < 0.01). In February, reindeer spent more time digging and grazing than in April (Fig. 1) . In April, lying down was the most common activity, and reindeer also foraged on arboreal lichens more than in February. On the basis of vegetation squares, we calculated an average of 15.8 ± 0.54 g DM/ 0.25 m 2 of lichen in the lichen pasture inside the fenced area before the study. This means that there was an average of 632 kg DM/ha of lichen in this pasture.
During the actual cratering period and after opening a crater, reindeer foraged (dug and picked food) in a certain repeated rhythm, the total length of which was on average 30.2 s (SD = 15.95, n = 257) in February and 35.9 s (SD = 22.31, n = 145) in April (t = -2.71, df = 228.3, p < 0.01). In February, a rhythm comprised an average of 6.8 pawing movements and a 21.5 second period for food picking. In April, a rhythm comprised an average of 9.5 pawing movements and a 29.4 second period for food picking. The average speed of pawing was 1.5 pawings per second (SD = 0.35, n = 229) in February and 1.7 pawings per second (SD = 0.38, n = 146) in April (t = -3.13, df = 288.7, p < 0.01). When digging, reindeer used both front feet equally (218 cases of right foot and 214 cases of left foot, χ 2 = 0.037, df = 1, p = 0.847). The average size of the grazed area within a crater was 1.51 m 2 (SD = 0.47, n = 19) in February (mean snow depth in crater 38.3 cm) and 1.40 m 2 (SD = 0.94, n = 16) in April (mean snow depth in crater 44.3 cm) (t = 0.414, df = 21.1, p = 0.683). The average amount of snow reindeer had to remove from a single crater was 0.578 m 2 in February and 0.620 m 2 in April. Size of the grazed area (m 2 ) within a crater was dependent on the length of time (seconds) that a reindeer used a crater (R 2 = 0.51, y = -0.008x + 0.0196x 0,9 , n = 35, p < 0.001, Fig 2) , as was the volume of snow removed (R 2 = 0.39, y = -3.505x + 8.447x 0,9 , n = 35, p < 0.001, Fig 3) .
The mean body mass of reindeer was 67.1 ± 2.67 kg in mid-February and 64.9 ± 2.98 kg at the end of April (t = 2.049, n = 8, p = 0.08). The average measured weight change of reindeer was +39 g/day (SD = 0.198; n = 8) during the February observation period and -27 g/day (SD = 0.065, n = 8) during the April observation period, although the difference in weight change between the periods was not statistically significant (t = 0.901, df = 8.5, p = 0.393). If the reindeer had foraged in the same way during the whole 24 hours as observed in the daylight time, one reindeer would have dug and grazed about 75.6 m 2 /24 h in February and about 60.1 m 2 /24 h in April.
DISCUSSION
Compared with a normal winter, the winter of 2000-01 had little snow. The snow depth in the study area was just over 30 cm in early February and a little over 40 cm in early April, compared to 60 cm in February and 65 cm in April during an average winter (Finnish Meteorological Institute, 2003a, c) . The snow was not compressed, although there was one hard snow layer in the snowpack during winter. Consequently the reindeer could get their food quite easily: they used only 39.8% of the total time in February and 29.8% in April in cratering and grazing, which is less than reported in some previous studies of reindeer (Helle, 1984; Collins and Smith, 1991) or caribou (Russell and Martell, 1984) . The total weight loss of reindeer in the whole study period was also only 3.3%, which is a relatively small change compared to normal body mass loss observed in reindeer (Nieminen and Petersson, 1990) or caribou (Adamczewski et al., 1993) in winter.
In February, reindeer spent 40.8% of the total daytime in all foraging activities (cratering/grazing and foraging arboreal lichens) and 21.0% in lying down. In April, on the contrary, reindeer spent 35.0% of the total daytime in all foraging activities and 40.3% in lying down. The same kind of change in activity pattern from midwinter to late winter was observed, at least in caribou, in some earlier studies (Roby, 1978 (Roby, , 1980 Russell and Martell, 1980) . This change in activity may depend on the differences in weather coldness and daylight length between midwinter and late winter. In late winter, when temperature is mild and the daylight time is very long, reindeer and caribou use less time in foraging and more time in lying down than in midwinter.
However, with difficult snow and digging conditions in late winter, reindeer have been observed to spend as much, or even more, time in foraging than in midwinter (Gaare et al., 1975; Helle, 1984) . Probably much longer daylight time, relatively mild weather, and easy snow conditions in April also allowed our reindeer to rest most of the time instead of foraging. Reindeer could also save energy by lying down. Svalbard reindeer can spend up to 45% of their time lying down in winter and in this way conserve the equivalent of about 15 days' energy requirement over the winter (Cuyler and Øritsland, 1993) . The reindeer in our study used only 5% of the total time in foraging on arboreal lichens in April, which also suggests that getting food by cratering satisfied their energy requirements well. In the previous study (Kumpula, 2001 ) made in the same fenced area, reindeer were seen to stop cratering and start foraging arboreal lichens in April, when the snow was over 80 cm deep and contained some hard layers.
While cratering, the reindeer showed a certain repeated rhythm, which grew longer as snow conditions made digging more difficult. Reindeer also spent more time in food picking in April than in February. It is obvious that removing snow from a crater takes longer when snow conditions turn more difficult. Thus, the amount of energy spent cratering is essentially dependent on snow conditions (Thing, 1977; Fancy and White, 1985) . To compensate for the energy costs of digging as the snow conditions become more difficult, reindeer have to use lichens and other plants in a crater more effectively (Helle, 1984) .
Although our study did not identify the type of pawing, as Thing (1977) recorded it for caribou, our reindeer probably used a slow pawing movement because the speed of pawing was clearly lower than that observed by Thing. Reindeer in our study grazed in deeper but softer snow than the caribou in Thing's (1977) study, which may explain why their pawing movements were slower. In our study, reindeer also used both front feet equally in cratering, whereas Thing's (1977) caribou used the right front foot more frequently than the left one when cratering. In hard, thin snow, reindeer and caribou probably use their right front foot more than the left one if the right foot is stronger than the left. However, it seems reasonable for reindeer or caribou to use both front feet equally because it makes cratering more effective. Also, they don't have to change position so often during cratering when both front feet can be used in the same way.
The crater size did not differ between study periods, probably because of the easy snow conditions in both periods. When the snow is deep and hard, reindeer usually dig very long, canal-like hollows (Helle, 1984; Kumpula, 2001) . The reindeer in our study did not have to dig in this kind of snow condition.
The longer the reindeer foraged in a crater, the more slowly they removed snow and increased the grazing area in the crater. This is understandable since reindeer first removed snow from a crater rapidly, after which they concentrated more on feeding and expanded the crater more slowly. The reindeer still maintained a certain rhythm in digging and foraging, the length of which depended on the snow conditions. The digging work of the reindeer was relatively fast: it took a little over 11 minutes to dig and graze an average crater of the size 1.5 m 2 in February. It is obvious that under more difficult snow conditions, the speed of digging and grazing would have been much slower.
Because the reindeer females in this study were barren, changes in body mass showed the changes in body condition well. If each reindeer dug and grazed the estimated 75.6 m 2 per day in February and 60.1 m 2 per day in April, and consumed half of the lichens in the average grazing area (31.6 g DM/m
2 ), her lichen intake would have been around 2.389 kg DM/day in February and 1.899 kg DM/ day in April. Because the metabolizable energy content of lichens is around 10.8 MJ/kg DM (see Isotalo, 1974; Salo et al., 1982; Nieminen and Heiskari, 1989) , each reindeer's daily consumption would yield 25.8 MJ in February and 20.5 MJ in April of metabolizable energy from lichens.
In relatively good pasture conditions in winter for caribou and reindeer, 50 -80% of all food utilized are usually lichens (Scotter, 1967; Miller, 1974; Russell and Martell, 1984; Kojola et al., 1995) . The metabolizable energy requirement of reindeer and caribou females in winter, when the metabolic rate decreases and the fat catabolism increases, has been estimated to vary between 20.5 and 23.7 MJ per day and per animal (McEwan and Whitehead, 1970; Boertje, 1985) . Our calculations and figures show that in the snow and pasture conditions prevailing in this study, the reindeer were able to get enough food and thereby energy to maintain their body condition well. In particular, the amounts of terrestrial lichens (632 kg/ha) in these snow conditions supported the reindeer energy budget well. However, had the reindeer females been pregnant and snow conditions more difficult, the reindeer would probably have lost more of their body condition. Therefore, the combination of snow and pasture conditions essentially affects how well reindeer or caribou are able to maintain their body condition at a sufficient level through the winter.
